GENERATOR LOAD-OFF 
TRANSIENT ACCELERATION 

RELATED APPLICATION 

[0001] This application claims priority under 35 U.S.C. 
§1 19(e) of U.S. Provisional Application No. 60/267,448, filed on February 
8, 2001, the entire contents of which are herein incorporated by 
reference. 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0002] This invention relates to electrical power generation. 
Description of Related Art 

[0003] Electrical power for military and commercial aircraft is 
typically generated by either an AC or DC generator that is controlled by 
regulating the voltage at a "point-of-regulation" (POR) to a specified level. 
To regulate the POR voltage, a generator control unit (GCU) modulates a 
generator excitation source voltage so that an idea! excitation current is 
maintained according to the load and speed conditions. When load on the 
generator is increased, the GCU must increase an exciter field current to 
compensate for a POR voltage drop caused by the extra load. When load 
on the generator decreases, the GCU must reduce the generator exciter 
field current so that the POR voltage will not be too high. In other words, 
the GCU must compensate for load transitions (e.g., high load to low 
load, or vice versa) by increasing or decreasing the exciter field current. If 
load transition compensation is not achieved quickly, the POR voltage 
could fall outside a specified limit, thereby causing utilization equipment 
malfunction and/or damage. 

[0004] FIG. 1 illustrates a conventional generator control 
configuration for typical aircraft AC power generation systems. As seen in 
FIG. 1, a conventional generator control unit 10 includes the following 
main elements: (a) a field current modulation switch 12; (b) a field current 
modulation switch driver 14; and (c) and a free wheeling diode 16. The 



2 

generator control unit 10 is connected to an exciter stator winding 22 of 
a generator 20 via lines 1 7 and 18 to provide a field current l f . As is well 
known, the flow of field current l f through the exciter stator winding 22 
of an AC generator induces a voltage in an exciter rotor winding 24 of the 

5 generator 20, which is rectified by a rectifier 26. The resulting rectified 
voltage is applied to a field winding 28, which induces an AC voltage in a 
generator main winding 29 for distribution to electrical loads of the 
aircraft via feeders (not shown). The field current modulation switch 12, 
which is typically either a MOSFET (metal-oxide-semiconductor field- 

10 effect transistor) or an IGBT (insulated-gate field-effect transistor), is 
connected to line 18 and between the exciter stator winding 22 of the 
generator 20 and ground. The field current modulation switch 12 is 
repeatedly switched between an ON state and an OFF state by the field 
current modulation switch driver 14, such that the duty cycle (or ON/OFF 

15 pulse width) of the field current modulation switch 12 maintains the field 
current flowing trough the exciter stator winding 22 at a given level as a 
function of load. 

[0005] During normal operation, the field current ! f should be 
kept continuous to maintain a ripple-free POR voltage and to reduce the 

20 voltage noise across the field current modulation switch 1 2 during its 

switching. The free wheeling diode 1 6 is connected between lines 1 7 and 
18, the anode being connected to line 18 between an output end of the 
exciter stator winding 22 and the field current modulation switch 1 2 and 
the cathode being connected to line 1 7 between an input end of the 

25 exciter stator winding 22 and a DC power source (not shown), and by- 
passes excitation energy stored in the exciter stator winding 22 when the 
field current modulation switch 1 2 is OFF. When the field current 
modulation switch 1 2 is ON, the diode 1 6 is reverse-biased and is in a 
blocking state. Therefore, excitation current on line 1 8 from the exciter 

30 stator winding 22 goes to ground through the field current modulation 
switch 12. When the field current modulation switch 1 2 is in the OFF 
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state, the diode 1 6 is forced on by the induced voltage of the exciter 
stator winding 22 and the energy in the winding keeps flowing through 
the diode 1 6 via the line 1 8 so that the current flowing though the diode 
1 6 is included in the field current l f that is fed to the input end of the 

5 exciter stator winding 22 via line 17, thereby achieving a smooth 

continuous field current l f . Thus, the diode 1 6 creates a free-wheeling 
path for excitation energy from the exciter stator winding 22. 

[0006] For aircraft with traditional fixed frequency electrical 
systems that normally operate around 400Hz, the conventional 

io configuration in FIG. 1 does not pose a serious performance problem. The 
inventors of this application have found, however, that problems may 
arise in variable frequency systems that have gained more attention in 
recent years. For a typical aircraft, electric power generated from a 
generator has to meet power characteristic requirements dictated by 

15 either the industry or military standards. One typical requirement is the 
maximum voltage overshoot and recovery time during a step load removal 
transient elsewhere in the electric power utilization system. In a variable 
frequency generator control system, in which the generator speed range 
can be wide from 1 0000 to 24000 revolutions-per-minute, if the energy 

20 stored in the exciter winding cannot be depleted quickly enough when the 
field current modulation switch is OFF, the voltage overshoot often 
exceeds acceptable levels when the load is taken off from the generator 
at high speed, especially when a large generator is used. Furthermore, 
during generator power-up at high generator speeds, the generator 

25 voltage can be excessive due to inability of the generator control unit to 
accurately ramp-up the excitation current because energy stored in the 
exciter stator winding does not decay fast enough. Because there is not 
much that can be done to solve these problems with existing conventional 
control compensation in standard generator control units, a product 

30 cannot be delivered to a customer if it fails to meet the customer's 
voltage overshoot tolerances. 
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SUMMARY OF THE INVENTION 
[0007] in accordance with the present invention, the above 
drawbacks of the conventional power generator control configuration are 
resolved through use of a generator control unit that selectively and 

5 temporarily introduces an energy absorbing circuit into an excitation 
current free-wheeling path to absorb residual energy from a generator 
winding, thereby accelerating the field current decay rate to reduce 
voltage overshoot in the generator. According to the present invention, 
the energy absorbing circuit is selectively and temporarily introduced into 

10 the excitation current free-wheeling path when the generator experiences 
a load transition (e.g., a transition from high load to low load) and/or 
during a power-up stage to reduce voltage overshoot. 

[0008] According to an embodiment of the present invention, 
a power generator control unit includes a field current modulator that is 

15 repeatedly switched between an ON state and an OFF state to control the 
flow of field current to the an exciter winding of the power generator, and 
excitation current from the exciter winding is fed back to the generator 
via a free-wheeling diode when the field current modulator is OFF. An 
energy absorbing circuit is selectively added to the free-wheeling path. A 

20 by-pass switch is provided across the energy absorbing circuit, which my 
be an RC circuit, to provide, when in an ON state, a low-impedance path 
for excitation current to flow in the free-wheeling path. In this 
implementation, the generator control unit includes an impedance by-pass 
driver that changes the by-pass switch from an ON state to an OFF state 

25 as a function of one or more detection signals, e.g., indicating a load 

transition or power-up condition, to selectively and temporarily introduce 
the energy absorbing circuit into the free-wheeling path to accelerate 
decay of the excitation current from an exciter winding of the generator. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



[0009] Other aspects and advantages of the present invention 

will become apparent upon reading the following detailed description and 

upon reference to the drawings, in which: 
5 [0010] FIG. 1 is a circuit diagram illustrating a conventional 

configuration for controlling field current supplied to a power generator; 
[0011] FIG. 2 is a circuit diagram illustrating a configuration 

for controlling field current supplied to a power generator in accordance 

with an embodiment of the present invention; 
10 [0012] FIG. 3 is a diagram illustrating an exemplary 

configuration of a by-pass driver suitable for use in the embodiment of the 

present invention illustrated in FIG. 2; 

[0013] FIG. 4A shows a series of waveforms demonstrating a 

typical voltage overshoot condition that occurs during load removal when 
15 principles of the present invention are not applied to power generation 

control; and 

[0014] FIG. 4B shows a series of waveforms demonstrating 
the effects of the an exemplary implementation of the present invention in 
reducing voltage overshoot during load removal. 

20 DETAILED DESCRIPTION 

[0015] FIG. 2 illustrates a configuration of a generator control 
unit 200 in accordance with an embodiment of the present invention, 
which reduces voltage overshoot in a generator 20 during operating 
transitions, e.g., during load removal. As seen in FIG. 2, the generator 

25 control unit 200 includes: {a) a field current modulation switch 212; (b) a 
field current modulation driver 214; (c) a free wheeling diode 216; (d) an 
impedance circuit 220; (e) an impedance circuit by-pass switch 222; and 
(e) an impedance by-pass driver 230. Like the conventional configuration 
discussed above with reference to FIG. 1, the generator control unit 200 

30 is connected to an exciter stator winding 22 of a generator 20 via lines 
217 and 218 to provide a field current l f . In the exemplary implementation 
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illustrated in FIG. 2, the generator 20 also includes an exciter rotor 
winding 24, a rectifier 26, a field winding 28, and a generator main 
winding 29. The flow of field current l f through the exciter stator winding 
22 induces a voltage in an exciter rotor winding 24 of the generator 20, 

5 which is rectified by the rectifier 26. The resulting rectified voltage is 
applied to the field winding 28, which induces an AC voltage in the 
generator main winding 29 for distribution to electrical loads of the 
aircraft via feeders {not shown). Although a particular AC generator 
configuration is illustrated in FIG. 2, it should be apparent to those skilled 

10 in the art that generator control principles of the present invention may be 
applied to various generator configurations. 

[0016] The field current modulation switch 212 may be a 
MOSFET, an IGBT, or other suitable switching device. As seen in FIG. 2, 
the field current modulation switch 212 is connected between ground and 

15 line 218. The field current modulation driver 214 is connected to the gate 
of the field current modulation switch 21 2 to repeatedly switch the field 
current modulation switch 212 between an ON state and an OFF state. 
The duty cycle (ON/OFF pulse width) of the current modulation switch 
21 2 is a function of load on the generator 20, such that the field current 

20 modulation driver 214 effects a higher duty cycle for the field current 
modulation switch 212 at higher loads to maintain the POR voltage at a 
given level as function of load. 

[0017] The free wheeling diode 216 is connected between 
line 217 and a first end of the impedance circuit 220, the second end of 

25 the impedance circuit 220 being connected to line 218 between the field 
current modulation switch 212 and the exciter stator winding 22 of the 
generator 20. The impedance circuit by-pass switch 222 is provided 
across the impedance circuit 220. Like the field current modulation switch 
212, the impedance by-pass switch 222 may be a MOSFET, an IGBT, or 

30 another suitable switching device. For example, the impedance by-pass 
switch 222 may be implemented as a mechanical relay. The impedance 
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by-pass driver 230 is connected to the gate of the impedance circuit by- 
pass switch 222 to selectively drive the switch 222 ON and OFF. In the 
embodiment illustrated in FIG. 2, the impedance circuit 220 includes a 
resistor R d and a capacitor C d connected in series, the values of which will 

5 depend on specific characteristics of the generator design. It should be 
realized that alternative configurations for the impedance circuit 220 may 
be used. For example, a resistor R d alone may be used instead of an RC 
circuit to provide a simpler design or a more complex impedance circuit 
may be used. Still further, the RC circuit may be replaced by a voltage 

10 source that effectively stops the flow of field current. 

[0018] Operation of the generator control unit 200 illustrated 
in FIG. 2 will next be described. When the field current modulation 
switch 212 is driven ON by the field current modulation driver 214, 
excitation current on line 218 from the exciter stator winding 22 goes to 

15 ground through the field current modulation switch 212. When the field 
current modulation switch 21 2 is driven OFF by the field current 
modulation driver 214 and the impedance circuit by-pass switch 230 is 
driven ON by the impedance by-pass driver 230, excitation current on line 
218 from the exciter stator winding 22 flows through the impedance 

20 circuit by-pass switch 222 (by-passing the impedance circuit 220) and the 
diode 21 6 to line 217, thereby being fed back to the exciter stator 
winding 22 of the generator 20 as a component of field current l f , thereby 
achieving a smooth continuous field current l f . 

[0019] During certain operating transitions such as load- 

25 removal and power-up, the field current modulation driver 214 maintains 
the field current modulation switch 212 in the OFF state and the 
impedance by-pass driver 230 maintains the impedance circuit by-pass 
switch in the OFF state so that the impedance circuit 220 is temporarily 
introduced into the excitation current free-wheeling path between lines 

30 218 and 217, thereby absorbing most of the residua! energy from the 
exciter stator winding 22 of the generator 20. As a result, the POR 
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voltage in the generator 20, which is directly related to field current l f , will 
decrease quickly and remain within acceptable limits. 

[0020] FIGS. 4A-4B include waveforms (a)-(f) to illustrate the 
effectiveness of the present invention in decreasing field current ! f 

5 following load removal and reducing POR voltage overshoot. FIG. 4A 
illustrates a voltage overshoot condition that may occur when load is 
removed from the generator 20 and the principles of the present invention 
are not applied. When the load ceases to draw current (load removal), as 
shown in waveform (b), the voltage at the POR significantly overshoots, 

10 as seen in waveform (a), until the field current l { , shown in waveform (c) 
decays over time. As seen in waveform (c), the field current l f decays 
gradually when the principles of the present invention are not applied, 
thereby prolonging the voltage overshoot condition seen in waveform (a). 
FIG. 4B illustrates the effects of the present invention on reducing voltage 

15 overshoot. In contrast to waveform (c) in FIG. 4A, it can be seen from 
waveform (f) that introducing the impedance circuit 220 into the free- 
wheeling path by turning the impedance circuit by-pass switch 222 to the 
OFF state significantly accelerates decay of field current l f , thereby 
reducing voltage overshoot (as seen in waveform (d) of FIG. 4B). As seen 

20 in waveform (f) of FIG. 4B, the impedance circuit 220 is introduced only 
temporarily into the feedback path, otherwise the field excitation energy 
will be absorbed each time the field current modulation switch 21 2 is 
OFF, thereby causing discontinuous field current l f and heat dissipation. 
For most generators, a 100 milliseconds OFF time for the impedance 

25 circuit by-pass switch 222 will be sufficient. 

[0021] It should be recognized that the waveforms of FIGS. 
4A and 4B are merely provided to illustrate principles of the present 
invention and should not be considered as limiting the scope of the 
present invention. The waveforms of FIGS. 4B are based on a 1 50 KVA 

30 brushless synchronous generator at 23100 rpm, R d = 12 ohm, and C d = 
0.47 nF. 
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10022] The impedance by-pass driver 230 may be configured 
in a variety of ways to control the impedance circuit by-pass switch 222 
so that the impedance circuit 220 is introduced into the free-wheeling 
path at appropriate timing (e.g., at load-removai or power-up). FIG. 3 

5 shows an exemplary configuration of the impedance by-pass driver 230. 
As seen in FIG. 3, the impedance by-pass driver 230 may include a GLC 
(generator line contactor) command detection unit 232, a current 
detection unit 234, and an additional timing detection unit 236, 
respectively receiving a GLC command signal, a current sensing signal, 

10 and an additional timing sensing signal and each outputting a detection 
signal to an OR gate 238. The output of the OR gate 238 is connected to 
a gate driver 239 that generates a gating signal for the impedance circuit 
by-pass switch 222. As is well known, the GLC command is a command 
generated by the generator control unit 200 to close and release the GLC. 

15 When the GLC is released, the load is removed from the generator 20 or 
the generator is in a power-up stage. Therefore, the GLC command signal 
may be used as a control signal by the impedance by-pass driver 230 so 
as to drive the impedance circuit by-pass switch 222 to the OFF state 
upon occurrence of the GLC command. The impedance by-pass driver 

20 230 may also use a current sensing signal, as detected by the current 
detection unit 234, as a control signal. For example, a large drop in 
current drawn from the generator may indicate a load removal state and 
no current from the generator 20 may indicate a power-up state, during 
which the impedance circuit 220 is to be introduced into the free- 

25 wheeling path of the generator control unit 200. Additional timing 

signals, as detected by the additional timing detection unit 236, may be 
used as control signals by the impedance by-pass driver 230. 

[0023] The foregoing merely illustrates the principles of the 
invention, it will be appreciated that those skilled in the art will be able to 

30 devise various arrangements which, although not explicitly described or 
shown herein, embody the sprit and scope of the present invention. For 
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example, all the invention has been described for use with an AC 
synchronous generator, it may also be applied to a DC generator. 



